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Outline 
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I.  From Gamma-Rays Outbursts  
     to Parsec Scale Jets 
1.   3C454.3 (z=0.859) 
2. PKS 1510-089 (z=0.361) 
3. 3C273  (z=0.158) 
4. 0836+710 (z=2.17) 
5. CTA26 (z=0.852) 
6. BLLac Objects:  
Agudo et al. #4.5 – AO0235+164 
Larionov et al. #6.7 – S5 0716+714 
Marscher  #1.6 – BL Lac 
II. General Statistics 
III. Conclusions 

www.bu.edu/blazars/VLBAproject.html  



Multi-Wavelength Light Curves of the Quasar 
3C454.3  
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Raiteri et al. 2011, A&A, 534, 87 
Vercellone et al. 2011, ApJL, 736, L38 
Wehrle et al. 2012, ApJ, 758, 72  



Fine Structure of Gamma-Ray Outbursts 
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Ackermann et al. 2010, ApJ, 721, 1383 
Abdo et al. 2011, ApJL, 733, L26  



Kinematics of Parsec Scale Jet  of 3C 454.3 
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Comparison of Optical Polarization with 
Properties of Parsec Scale Jet  of 3C 454.3 
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Multi-Wavelength Light Curves of the Quasar 
PKS1510-089 
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Lindfors et al.  #9.8 



I. Kinematics of Parsec Scale Jet of 
PKS1510-089 
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µ=1.13±0.06mas/yr 
βapp = 23.2±0.7 c 

µ=1.07±0.1mas/yr 
βapp = 22.7±1.3 c 

Marscher et al. 2010, ApJL, 710, L126 
Orienti et al. 2012, arXiv:1210.4319  



II. Kinematics of Parsec Scale Jet of 
PKS1510-089 
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µ=0.51±0.14mas/yr 
βapp = 11±3c 

µ=0.81±0.12mas/yr 
βapp = 17±2c 

To = 7 Feb 2012 ± 17d 

To = 4 Aug 2009 ± 35d 



Properties of Knots vs. Gamma-Ray 
 Light Curves 
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Multi-Wavelength Light Curves and Jet 
Kinematics of the Quasar 3C 273  
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March 6, 2010 



Comparison of Gamma-Ray Behavior with 
Parsec Scale Jet Activity in 0836+71 
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Connection of Gamma-Ray Behavior with 
Parsec Scale Jet Activity in 0836+71 
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µ=0.23±0.02mas/yr 
βapp = 20±2c 

To : 9 April 2011 ± 11 days 
       (RJD: 5660± 11 ) 

Tγ max: 6 November 2011  
       (RJD: 5872±0.5d ) 



Comparison of Gamma-Ray Behavior with 
Parsec Scale Jet Activity in CTA26  
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µ=0.11±0.01mas/yr 
βapp = 4.5±0.4c 
To : 4 January 2010 
RJD: 5200±36 



General Statistics: Quasars 
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Source Type γ+jet γ-jet jet-γ 

CTA26 Q 1 0 0 

0420-014 Q 1 0 0 

0528+13 Q 1 0 0 

0827+24 Q 1 0 0 

0836+71 Q 1 0 0 

1127-14 Q 0 1 0 

1156+29 Q 1 0 1 

1222+21 Q 1 0 1 

3C273 Q 4 1 1 

3C279 Q 3 1 1 

1406-07 Q 0 0 0 

1510-08 Q 4 0 0 

1611+34 Q 0 0 1 

Source Type γ+jet γ-jet jet-γ 

1622-29 Q 1 0 0 

1633+38 Q 3 1 0 

3C345 Q 3 0 1 

1730-13 Q 1 0 0 

CTA102 Q 0 1 1 

3C446 Q 0 0 1 

3C454.3 Q 2 1 0 

Total  Q 28 6 8 



General Statistics: BLLacs and Radio Galaxies 
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Source Type γ+jet γ-jet jet-γ 

3C66A BL 1 1 1 

0235+16 BL 1 0 0 

0716+71 BL 2 4 1 

0735+17 BL 0 0 0 

0829+04 BL 0 0 1 

OJ287 BL 2 0 0 

0954+65 BL 1 1 0 

1055+01 BL 2 1 0 

WCom BL 4 1 1 

1308+32 ? 1 0 0 

1749+09 BL 1 0 0 

BLLac BL 5 0 0 

Total BL 20 8 5 

Source Type γ+jet γ-jet jet-γ 

3C84 RG 0 1 1 

3C111 RG 0 0 2 

3C120 RG 0 0 1 

Total  RG 0 1 4 



Conclusions 
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SAVE   the VLBA!!!!          


